After surgery some patients are able to remember specific events associated with their operation which were registered during the time they were considered to be unconscious. The occurrence of this phenomenon (awareness) has been the subject of many studies (Mainzer, 1979; Breckenridge and Aitkenhead, 1983). Indirect methods have been used to investigate auditory information processing in anaesthetized patients. Millar and Watkinson (1983) studied indirect recall and found that patients who were played a 10-word stimulus list were significantly better able to correctly detect these words than did a controlgroup who " heard " a tape of radio-static. Bennett, Davis and Giannini (1985) asked 11 anaesthetized patients under general anaesthesia to touch their ears during the postoperative interview and found that significantly more of these patients touched their ears than in a control-group exposed only to the sounds in the operating theatre. However, relatively few authors have attempted to manipulate the occurrence of auditory information processing to some useful end, such as postoperative well-being. Hutchings (1961) routinely suggested to his patients, during the final stage of each of 200 operations, that recovery would be excellent. He reported a decrease in the need for postoperative medication to relieve pain, as well as in the incidence of nausea and vomiting. Unfortunately, there were a number of methodological problems with this study. A control-group and a double-blind procedure are required in any evaluation of postoperative effects,-points not 
considered in the similar study by Wolfe and Millet (1960) . Pearson (1961) administered positive suggestions (tape-recorded) during surgery, using a "double-blind placebo" design. According to the author, the administration of suggestions resulted in a shorter postoperative hospital stay than the administration of music. However, his two groups of patients included a variety of surgical procedures, and large differences in the natural durations of stay in hospital of patients undergoing these different operations make comparisons between the groups difficult. Abramson, Greenfield and Heron (1966) attempted to replicate Pearson's results without success.
In spite of methodological problems, evidence is accumulating that some patients, considered to be unconscious, are able to register meaningful sounds without subsequent awareness of this registration. Although no one would deny the possibility of consciousness during anaesthesia, many would question this other possibility.
The present study was designed to explore the effect of different sounds administered during general anaesthesia on the postoperative well-being of patients undergoing similar surgical procedures. Cholecystectomy or choledochotomy, or both, were chosen as suitable surgical procedures, since they occur frequently and are mostly elective procedures with a low risk of malignancy as a complicating factor. We hypothesized that patients administered positive suggestions during general anaesthesia would feel better in the postoperative period than those administered either noise as a placebo sound or operating theatre (OT) sounds, which can sometimes be emotionally negative or life-threatening. We expected that OT sounds would have a less favourable postoperative influence on well-being than would placebo noise.
PATIENTS AND METHODS

Subjects and design of study
The subjects were 56 female and 35 male surgical patients (mean age 53.4 yr (SD 15.1), range 19-88 yr). All were scheduled for elective surgery of the gallbladder or the bile duct, or both, under general anaesthesia at the University Hospital, Leiden, and were studied over a 2-year period.
After approval of the study by the Committee of Medical Ethics, the 91 patients were randomly assigned, in a double-blind placebo design, to one of three groups. In the experimental group (group E) positive suggestions were administered repeatedly during general anaesthesia by means of a cassette recorder and earphones. These positive suggestions consisted of two fragments of text, spoken in a reassuring way which suggested: relaxation, well-being, comfortable feelings in every respect, lack of nausea or vomiting, no difficulty with bladder function or bowel movement, and a rapid recovery. The first fragment lasted 150 s and addressed the patient directly, for example: " You are completely relaxed... after the operation you will feel fine and comfortable, and you will heal quickly... "; the second fragment lasted 30 s and commented on the patient's state and presumed recovery: "Great...that looks excellent, very good indeed... This patient will soon be cured and able to go back home..." (Exact text of positive suggestions is available from the first author.) Between the alternatingly repeated fragments, noise was administered as in the placebo group (see below). Suggestions and noise were spread evenly over the tape, resulting in six repetitions of both fragments for each 1 h of exposure.
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In the placebo group (group P) continuous, monotonous low-frequency noise, which resembled the sound of a vacuum cleaner, was provided. This noise was designed to prevent the patients in this group from hearing the actual sounds in the operating theatre, and it also served as a placebo in comparison with the positive suggestions.
In the control group (group C), the patients were subjected to the usual sounds that occur in the operating theatre. The actual sounds during the operation were administered by means of earphones, as in the other groups. The randomization procedures yielded 31 patients in group E (17 female, 14 male; mean age 55.2 yr, SD 13.2), 30 patients in group P (20 female, 10 male; mean age 56.8 yr, SD 16.2) and 30 patients in group C (19 female, 11 male; mean age 48.1 yr, SD 14.9).
Procedure
All sounds were administered only during surgery, that is, from the first surgical incision until the closing of theabdominal wall. Anaesthesia was as follows: premedication 1 h before surgery with fentanyl-dehydrobenzperidol 1.0-2.0 ml and atropine sulphate, 0.25-0.5 mg in 90% of the patients (n = 28, 27 and 27: groups E, P, C, respectively); intubation of the trachea was facilitated by suxamethonium following induction of anaesthesia with thiopentone sodium; and anaesthesia was maintained with oxygen, nitrous oxide and fentanyl, with dehydrobenzperidol in 45 % of the patients and without dehydrobenzperidol in 41 % of the patients. Pancuronium was given to provide adequate neuromuscular blockade. Table I gives details for the three groups.
The following criteria for postoperative wellbeing were used: subjective well-being, pain, nausea and vomiting, duration of postoperative stay in hospital and evaluation by the nursing staff. On day 3 following surgery (day of surgery = day 0) the patients were given five 7-point rating scales (RS I-V) to quantify subjective assessments: (a) Well-being. "How have you felt these past few days?", with alternatives "very well" (1) and "very bad" (7) as RS I; the same question with alternatives "very ill" (7) and "healthy" (1) as RS III, and with alternatives "very relaxed"
(1) and "very tense" (7) as RS V. (b) Pain. "Have you had much pain these past few days?", with alternatives "yes, very much" (7) and "no, none or hardly any" (1) as RS II.
(c) Nausea and vomiting: "Did nausea or vomiting give you any trouble these past few days?", with alternatives "yes, a lot of trouble" (7) and "no trouble" (1) as RS IV. These rating scales were designed so that each rating was made on a separate sheet of this questionnaire, in big letters. The nurses on the ward, not knowing to what treatment group the patients belonged, administered the questionnaire by holding each separate sheet in front of the patient, who then pointed to one of the positions on the scale to mark his or her answer. The nurse then marked this position on the scale with an X. Any observer error or bias from the nursing staff filling in the forms on the patients' behalf, was considered to be equally spread throughout the three groups.
On day 6 or 7, a semi-structured interview was conducted by one investigator (B.B.) (who was unaware of the group to which the patient had been assigned). During the interviews, retrospective assessments were made of a number of variables which were then rated by the investigator on 3-point rating scales immediately after the interview, these being supplementary to the patient's subjective scores on day 3: preoperative fear, postoperative pain and postoperative nausea and vomiting with alternatives "none" (1) and "a lot" (3); general well-being with alternatives "good" (1) and "bad" (3). Any mention of "unconscious perception" during anaesthesia upon asking for memories of the operative procedure was recorded. On the same day, details from the patient's record were collected concerning medication for pain (no more medication (0) or more medication (1) than a pre-set base level), volume of nasogastric suction or drainage (Fluids I), and fluid lost through vomiting (Fluids II). The nursing staff also rated the course of postoperative recovery on 3-point rating scales, similar to the interview ratings assessed by the investigator (including nausea and vomiting, and general well-being). Finally, the duration of postoperative hospital stay was determined for each patient as the number of days spent in hospital after surgery, including the day of discharge.
Apparatus
For the administration of the sounds in groups E and P, an automatic-reverse cassette recorder (UHER-CR 210) was used. Two visually identical cassette tapes, one containing positive suggestions and the other containing noise, were used in this study to maintain the double-blind character of the experiment.
In group C a high-fidelity microphone (Sennheiser MD-421-U-4), attached to the operating table and connected with the input of an amplifier was used. In the test situation for all conditions ( fig. 1 ), sounds picked up by the microphone and the sounds of the cassette recorder were fed into the amplifier. The output of the amplifier was then transmitted to the patient through earphones (UHER-W 214). A switch on the amplifier determined which sounds would be audible through the earphones.
During all surgical procedures, the amplifier was continuously in operation and the tapes were played over and over again. None of those present in the operating theatre, including the investigator, had any knowledge of the group to which the patient had been assigned. 
RESULTS
None of the patients mentioned any "unconscious perception" or memories of the operative procedure.
Sex, preoperative fear, the ward to which the patients were assigned, the experience of the surgeons, the relative impact and intensity of the operation, age, the duration of each surgical procedure, and the amount of blood-loss were treated as possible confounding variables.
Table II provides details of confounding variables and dependent variables in the three groups (one patient in group P refused to participate in the postoperative interview on day 6/7). The significant difference between groups in postoperative hospital stay (Stay) was further analysed, since the age differences between the three groups approached significance. In order to reach an approximately normally distributed Stay, its natural logarithm (In Stay) was taken, and plotted against Age for each group (figs 2, 3 and 4).
A saturated multiple regression model as a general technique for handling analysis of covariance was used, with Treatment (group) as a factor and Age as a covariate, to assess whether the effect of Treatment on Stay was constant, conditional on Age. Interaction was not significant (F = 1.45, df = 2.85, P = 0.24). Then, to increase the power of the F test, treatment groups P and C were taken together-also based upon the equality of their regression lines-and a new analysis of covariance was performed with two treatments. Interaction then approached significance (F = 3.57, df=1.87, P = 0.059). After examining the slopes of the figures 2, 3 and 4, it was decided to split the total sample of patients into a younger group ( < 55 yr) and an older group ( $s 55 yr), based upon the median age. We expected no difference in Stay between treatments P/C and E for younger patients, and a shorter Stay for older patients after treatment E, compared with treatment P/C.
Kaplan-Meier curves as described by Kaplan and Meier (1958) were drawn for both age groups ( fig. 5 ) and the log-rank test (Mantel, 1966) was used to assess differences between the curves.
DISCUSSION
No awareness was demonstrated in any of the patients after general anaesthesia. However, different sounds administered during general anaesthesia, seem to have had different effects upon postoperative well-being in the older patients. Our hypothesis that patients receiving positive suggestions feel better following operation than patients receiving either noise or OT sounds could be confirmed for older patients, but not for younger ones. Some form of so-called unconscious perception of sounds, without subsequent awareness of this registration, must be held responsible for this finding. No differences in effect between the administration of noise and OT sounds could be demonstrated in our sample. Our results seem to show that the positive suggestions protected the older patients from a prolonged postoperative stay in hospital. In the older group, only one of 17 " positive suggestions " patients (5.9 %) was still in hospital 2 weeks after the operation, whereas 11 of 35 "no-suggestions" patients (31.4%) stayed for more than 2 weeks ( fig. 5) . Furthermore, this latter percentage is almost four times the percentage of "no-suggestions" patients in the younger group staying more than 2 weeks (8%). If this difference represents the true distribution in patients following gallbladder surgery, the reason why our results could only confirm the hypothesis in older patients seems clear: if positive suggestions only protect against a protracted stay in hospital and do not shorten a "normal" stay, their protection in younger patients undergoing gallbladder surgery seems to have been unnecessary, because these patients do not generally remain in hospital for prolonged periods.
In this study, lack of difference in effect between noise and OT sounds may be attributable to the nature of the latter. The OT sounds turned out to be less negatively toned and less lifethreatening than we had initially assumed. It seems likely that the presence of the investigator in the operating theatre, along with the presence of the microphone and the cassette recorder, made some of the operating staff more cautious in their communications.
